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Abstract
The reaction d(~γ, np) has been studied using the tagged and polarised LADON
gamma ray beam at an energy 30− 50 MeV to investigate the existence of narrow
dibaryonic resonances recently suggested from the experimental measurements in a
different laboratory. The beam was obtained by Compton back-scattering of laser
light on the electrons of the storage ring ADONE. Photo-neutron yields were mea-
sured at five neutron angle ϑc.m.n = 22
◦, 55.5◦, 90◦, 125◦ and 157◦ in the center of
mass system. Our results do not support the existence of such resonances.
PACS: 25.20 D, 24.70, 29.27 H
1 Introduction
The deuteron is the most fundamental nuclear laboratory and for this rea-
son, deuteron photo-disintegration d(~γ, np) has been extensively studied for
the last sixty years [1]. The center of mass (c.m.) differential cross section
for the reaction d(~γ, n)p induced by linearly polarised gamma rays has been
calculated, measured and discussed by several authors. We refer here to some
extensive contributions only [2–4]. It can be written in the form:
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dσ
dΩ
(Eγ , ϑn, ϕn)= I0(Eγ , ϑn) + PI1(Eγ, ϑn) cos 2ϕn
= I0(Eγ , ϑn)
{
1 + PΣ(Eγ, ϑn) cos 2ϕn
}
(1)
where ϑn is the angle between the neutron and photon momentum in the
c.m. system and ϕn is the angle between the direction of the polarisation
of the incoming photon and the reaction plane; P represents the degree of
linear polarisation of the photon beam. The expression (1) is obtained only
taking into account the spin of the photon. The microscopical structure of
the N −N interaction or the contribution of meson exchange currents (MEC)
or the internal excitation of photo-disintegration configurations (IC), or the
presence of sub-nucleonic degrees of freedom, influence only the form of the
functions I0(Eγ , ϑn) and I1(Eγ , ϑn).
Recent experimental measurements of the deuteron photo-disintegration
cross section made in Kharkov [5] with a linearly polarised photon beam ob-
tained by coherent bremsstrahlung have shown some evidence of three narrow
dibaryonic resonances in the differential cross section in the plane perpendic-
ular to the beam polarisation ϕn = 90
◦:
dσ
dΩ
(Eγ , ϑn = 90
◦, ϕn = 90
◦) = I0(Eγ, ϑn = 90
◦)− I1(Eγ, ϑn = 90
◦) (2)
they appeared at a very low excitation energies of the (n−p) system as indi-
cated in table 1 where we have shown the total energy of the (n−p) system,
the corresponding gamma ray energy and the apparent width:
Table 1
E(n−p) Eγ Γ
(MeV ) (MeV ) (MeV )
1919.5 43.9 4.5
1933 57.4 2.7
1942 66.4 6.6
In figure 1 are shown the results obtained at Kharkov compared with the
previous results obtained with the LADON beam [6]. The amazing result is
that the Kharkov data are in good agreement with ours since their resonances
are located between our points.
To verify the existence of the first and most impressive of these resonances
we have taken advantage of the complete polarisation (P ∼ 1) and good energy
resolution of our tagged LADON beam σEγ ≃ 2 MeV [7,8].
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Fig. 1.
(
dσ
dΩ
)
‖,⊥
(Eγ , ϑn = 90
◦) from reference [5]; the symbol ◦ shows the previous
data obtained with the LADON beam [6]
2 Experimental Setup
2.1 The LADON ~γ beam
One of the most interesting features of the Compton backscattered ~γ ray
beam is its polarisation: the ~γ rays emitted in the backward direction with
energy close to the maximum have the same polarisation of the initial laser
photons. Data were collected at different ~γ ray energies obtained by changing
the incoming electron energy. The energy of the ~γ beam has been measured
with an internal tagging detector where the scattered electrons are momentum
analysed by one dipole and one quadrupole magnet of the ADONE storage ring
lattice. The tagging system consists of a silicon solid-state µ−strip detector
composed of 96 vertical strips with a pitch of 650 µm, backed by a fast plastic
scintillator.
The energy resolution of the ~γ beam depends on the energy of the scattered
electron and the energy of the electrons circulating in the storage ring, but
in any case we obtain σEγ ≤ 2.2 MeV [8]. During this experiment data are
collected using different maximum energy of the ~γ beam Emaxγ = 35, 38, 41, 45
and 50 MeV in order to scan with high accuracy the energy region where the
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first dibaryonic resonance is proposed.
The photon flux as been measured with a cylindrical NaI detector of
25.4 cm length and 25.4 cm diameter with an efficiency for photon detection
of ∼ 100 %.
2.2 Detectors
The target cell is an aluminium cylinder with a diameter of 3.81 cm full
with deuterated liquid scintillator NE230 (full target) made of C6D6. When a
deuteron in the target disintegrates the proton does not have enough energy
to leave the target and deposits all its energy into the target. The target
is viewed by a photo-multiplier which provides a signal proportional to the
energy deposited by the proton. The energy threshold used for this detector is
3 MeV , while the minimum energy for the proton coming from the deuteron
photo-disintegration in our experimental condition is 12MeV . For this reason
we can reasonably assume a proton detection efficiency of ∼ 100%.
The neutrons escape the target and are detected by five time of flight (TOF)
detectors made of horizontal cylinders, 30.4 cm of diameter and 15.4 cm of
length, filled by organic liquid scintillator, NE213. These detectors are placed
at a distance D ≃ 60 cm from the target and at angles ϑn = 22
◦, 55.5◦,
90◦, 125◦ and 157◦. Each of them covers a solid angle of 0.13 sr. The threshold
on the amplitude of the signal from these detectors is 0.5 MeV . The TOF
between the proton pulse in the target and the neutron pulses are obtained
with a resolution (FWHM) of ∆T ≃ 1.3 ns (this value has been measured with
the coincidence of the two γ photons emitted by a 60Co source). Comparing
the TOF of the neutrons (coming from the photo-nuclear reaction on the
target) with that of the γ (Compton scattered in the target) detected in these
counters we were able to have a reasonable measurement of the energy of
the neutron by its TOF and to discriminate the neutrons against the e.m.
background produced in the target. Calling t˜ = tn − tγ the TOF difference
between a neutron and γ, the kinetic energy of the neutron is given by the
following relation:
Tn = Mnc
2
(√
1 +
D2
c2t˜2 + 2Dct˜
− 1
)
. (3)
To estimate the contribution of the background of events coming from the
aluminium walls of the cell or the Carbon present in the full target we have
also taken data with a second target (empty target) NE231 made of C6H6,
similar to the first one but with hydrogen instead of deuterium.
The experimental apparatus is shown in figure 2. Using this apparatus we
have measured in coincidence the distribution of the protons pulses and the
TOF of the neutrons emitted in the photo-reaction on the target.
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Proton Detector
Neutron Detector
Photon Beam Target and
Fig. 2. Experimental apparatus
3 Data Analysis
The data analysis consists of two steps:
1) calibration of the apparatus, i.e. the tagging system, the active target for
the proton detection, the neutron detectors and the estimation of their
efficiencies;
2) selection of the d(~γ, np) events and the calculation of the differential cross
section;
The tagging system was calibrated using a magnetic pair spectrometer in
coincidence, in our energy range the tagging energy calibration is linear as
illustrated in [7,8] and its efficiency is εtag = 0.96± 0.03 .
The TOF calibration of the neutron detectors is determined by reference to
the γ Compton diffused by the electrons in the target. The neutron detection
efficiency was calculated using a Monte Carlo code [9] which takes into account
all the nuclear reactions on the proton and carbon of the NE213 scintillators by
the neutron coming from the deuteron photo-disintegration [10–13], and also
experimental effects produced by the electronic chain, associated with each
detectors, and the effect of the threshold used. A comparison between the
experimental ADC spectra and the simulated one is shown in figure 3a), from
this figure is derived the neutron detection efficiency which is quite constant
as function of the neutron energy, as illustrated in figure 3b). From this we
obtain its average value and its error 〈εn(En)〉 = (15.6± 0.1)%.
The energy calibration of the active target is made using the kinematics of
deuteron photo-disintegration, for which we know the energy of the incoming
photon and the angle and energy of the outgoing neutron (in the LAB. system).
We can use this information to determine the kinetic energy of the proton and
comparing it with the ADC of the active target we derive its calibration.
The second step of the analysis which consists on the selection of the
d(~γ, np) events is also divided in two steps:
1) the rejection of the e.m. events due to Compton scattering in the target;
2) the identification of the d(~γ, np) events, respect to other nuclear reaction
coming from different reactions.
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Fig. 3. a) Comparison between the experimental ADC spectra associated with the
neutron detection and the ones simulated, b) Neutron efficiency as function of neu-
tron energy
The rejection of the e.m. background was facilitated by the fact that in
our target the form of the pulse associated with the detection of a hadron is
different from that of an electron/photon, thus we have used the Head-Tail
[14–18] technique. The Head is defined as the integral of the entire pulse, which
is the signal which provides the energy of proton, while the Tail is the integral
of the last part of it. This procedure allowed the separation of the nuclear
events as shown in figure 4, where it is possible to recognise three types of
events: a) the e.m. events, b) the nuclear events coming from the deuteron
photo-disintegration and c) the nuclear events coming from photo-reaction on
target walls or in the carbon also present in the target. The nuclear events b)
and c) are clearly separated from those of type a) and we introduce a graphical
cut on this plot to isolate them.
Further the identification of the nuclear events coming from reaction under
study was done by a minimisation of the following variable:
χ2(Eγ, ϑn, En, Ep)=
(Emeasγ − E
theo
γ )
2
σ2Eγ
+
(ϑmeasn − ϑ
theo
n )
2
σ2ϑn
+
(Emeasn − E
theo
n )
2
σ2En
+
(Emeasp − E
theo
p )
2
σ2Ep
(4)
where the quantities with the superscript meas are those experimentally mea-
sured while the quantities with the superscript theo are calculated using the
conservation of energy and momentum in our two body reaction. σEγ , σϑn , σEn
and σEp are the uncertainties in the experimental quantities and are know with
a error less than 20%. The reaction d(~γ, np) is a two body one and its kine-
matics is completely determined if only the energy of the incoming photon Eγ
and the angle of the outgoing neutron ϑn in the LAB. are known. For this rea-
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Fig. 4. Example of Head-Tail scatter plot from the active target data. For goods
events the Head values must be proportional to the energy of proton emitted in the
deuteron photo-disintegration. It must be greater then a given value which depend
on the kinematics of the event and is around channel 700.
son in the minimisation procedure we use as independent variables these two,
varying Eγ in the interval (E
meas
γ −3σEγ , E
meas
γ +3σEγ ) and ϑn inside the solid
angle covered by the neutron detector. The selection of the d(~γ, np) events can
now be done using a cut in a combination of the dependent variables of the
right-hand side of equation (4).
For each event we define the new variables xn = E
theo
n − E
meas
n and xp =
Etheop − E
meas
p . The distribution of N(xn, xp) can be fitted by the following
expression:
N(xp, xn) = Ae
−
(xp−µp)
2
2η2
p e
−
(xn−µn)
2
2η2
n , (5)
and using the parameters A, µp, ηp, µn and ηn it is now possible to define a
new variable: z = (xp−µp)
2
η2
p
+ (xn−µn)
2
η2
n
which follows a χ2 distribution with two
degrees of freedom: χ2(z; 2) = exp(−z/2)
2
. The experimental distribution of z is
shown in figure 5.
The excellent agreement between our data and the expression Aχχ
2(z; 2) for
z ≤ zmax ≃ 3 confirms the validity of this procedure. Studying the distribution
of z for the three groups of events indicated in figure 4 we clearly see that the
e.m. events coming from the class a) have z >∼ 10, the events coming from
class b) have z <∼ 3 − 3.5 while the events of the class c) have z >∼ 4. In
conclusion the number of events of deuteron photo-disintegration is given by
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Fig. 5. Distribution of z for the full target events. The full line is a fit using the
function Aχχ
2(z; 2) for z < 3 while the dashed line is its extrapolation for z ∈ (3, 10).
the following relation:
Nev = Nev(z ≤ zmax) + Aχ
∞∫
zmax
χ2(z; 2)dz. (6)
Where the first term is the number of events clearly identified while the
second is an estimation of the good events mixed with the backgrounds. The
second term is typically 2÷3% of the first suggesting a systematic error in the
estimate of the cross section of the order ∼ 1%. In figure 6 we have plotted the
missing energy,M.E. = Eγ−Ep−En, in our reaction. For the events identified
with this procedure (z <∼ 3) its average value is very close to the deuteron
binding energy 2.2 MeV and the resolution is a few MeV . Its confirms that
the result of our procedure is correct.
4 Experimental results and conclusion
The experimental cross section has been calculated according to:
dσ
dΩ
=
Nev
Nγ L Nd ∆Ωn εn
(7)
where Nev represent the nuclear events calculated with the procedure illus-
trated in the previous paragraph, Nγ is the number of incoming photons, L
and Nd are the target length and density of scattering centres Nd =
Nav̺
A
, ∆Ωn
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Fig. 6. Missing Energy for the reaction d(~γ, np), dashed line all nuclear events(class
b and c from the figure 4), full line events with the selection z < 3.
is the solid angle covered by the neutron detectors and εn is their efficiency.
The factor L∆Ωn is estimated using a Monte Carlo simulation which takes
into account both the real dimensions of the intersection of the photon beam
with the target and the neutron detectors size and distance from the target.
While we have taken data using different Emaxγ we have calculated the
differential cross section at a given Eγ and ϑ
c.m.
n using different sets of data,
this has be done in order to have a cross check of the entire procedure of
analysis.
Our experimental data are shown in figures 7-11 where in each figure are
illustrated the parallel cross section dσ/dΩ, at ϕn = 0
◦ the perpendicular cross
section dσ/dΩ at ϕn = 90
◦ and the asymmetry Σ for the five angles ϑc.m.n as
a function of the incoming ~γ−beam energy. The theoretical predictions which
take into account One Body Current + Siegert + MEC + IC + Spin Orbit
Current (full lines) are from the reference [19] we refer to this article for a
discussion of the various aspects of the cross sections.
In figure 9 the first proposed dibaryon resonance of [5] is also shown (dashed
line). A fluctuation of 3.3 standard deviation of the point around 44 MeV is
necessary to make the two experiments compatible. The higher polarisation
and lower background of the backscattered ~γ−ray give us greater confidence
in the quality of the our result.
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Fig. 7. Parallel, Perpendicular cross section and Asymmetry for ϑc.m.n = 22
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Fig. 8. Parallel, Perpendicular cross section and Asymmetry for ϑc.m.n = 55.5
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Fig. 9. Parallel, Perpendicular cross section and Asymmetry for ϑc.m.n = 90
◦
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Fig. 10. Parallel, Perpendicular cross section and Asymmetry for ϑc.m.n = 125
◦
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Fig. 11. Parallel, Perpendicular cross section and Asymmetry for ϑc.m.n = 157
◦
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